56

The description of the production data given above assigns

primary importance to closure voicing. For this reason the first

consideration in the perceptual experiments will be whether pre-
voicing alone acts as a cue for voicedness, The second set of
experimgnts will involve a more detailed examination of the per-
ception of VOT, in both synthetic and natural speech,

Some pilot work was carried cut with Providence Poles toc see
how good a match between production ;nd perception could be obtain-~
ed (Hikoé, Keating and Moslin, 1978), Results indicated that
Polish listeners show quite different categoxry boundaries for
synthetic VOT continua made up of different ranges of VOT values,
Because of the strong range effects, the category boundaries were
not well matched to the production categories. It has generally
been assumed that the perception of linguistic dimensions such as
voicing does not vary according to the range or number of stimuli
presented in a task, and that this stability is a characteristic
of speech (as opposed to non-speech) perception. Sawusch and
Pisoni (1974) showed that the frequency of presentation of any omne
stimulus did not affect speech category bouqdaries {(but cf, Simon
and Studdert~Kennedy, 1978), and it was thought that ranpge would
work like frequency, More recently, Darwin and Brady' (1978) did
obtain range effects in the perception of VOT in English, Also, in
Ch. 1 tﬁe possibility of range effects in various past studies of
VOT perception was mentioned., Therefore, one goal of the presént
study was to replicate and explore the range effects obtained for
vér in Polish found in pilot work, and to extend the investigation
to English, One, explanation for the range effects found in pilot

work was possible English-language interference, Thus an important
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aspect of the present study is replidation with monolingual speakers

of Polish, Another possgsible interpretation forxr the range effects i

was that the synthetic stimuli used were entirely inappropriate

for Polish, and so the results did not reflect subjects' perception
of natural speech. Therefere natural speech stimuli were included
in the experiments to be described here. A second goal was to iden
tify a set of stimuli for which perceptual categories would corre-

spond to production categories,
2,2,2, Methodology

2,2,2,1, Stimuli and Test Procedure

The stimuli used in this study were 1} those synthesized at
Haskins Labs by Abramson and Lisker (1970), ii) gimilar stimull
made at Hasking, and 1ii) computer~edited tokens of natural speech,
i)Th2 original Abramson and Lisker VOT continuum ranges from ~150
.to +150 msec VOT. In this study two subsets of this continuum were
used as test continua, One varied from ~100 to +20 msec VOT, and
the other from =100 to +530 msec VOT, both in 10-msec steps, Stimuli
represent an apical stop followed by the vowel [a]. Voicing lead
is present as low-frequency harmonics of the buzz-source, Volcing
lag involves Fl cutback and excitement of F2 and F3 by the noise
source. There are three formants with onsets of about 300, 1600,

and 3400 Hz., Fl and F2 transitions reach steady-state values of

800 and 1250 Hz in 55 msec; F3 reaches & steady-state value of
2500 Hz in 30 msec, There is a weak burst at 3500 Hz which is
coincident with the transition onsets. Fundamental frequency begin%
at 114 Hz and falls to 70 Hz at the end of the stimulus, Stimuli

without prevoicing are 440 msec long; prevoicing is added to this
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value, Spectrograms and waveform displays of representatlve stimu~
I L N B T NN : e g

1li are not equal to the VOT values that would be assigned to them
according to the criteria used in measuring producticno values,
 This may be due to tape-stretching rather than to different criter-—
ia, but in either case an exact match of production and perception
cannot be expected. Otherwise, there are some features of the
stimuli that are incomsistent or unnatural, as follows: Only the
burst of the O-msec VOT stimulus resembles those shown for natural
Polish tokens; that burst, however, is not voiced, as would be
expected for a VOT value of 0 msec. In the otﬁez gtimuli the
bursts are unnoticeable, Particularly disturbing is the interval
of silence--or low-amplitude voicing--in thé lag portion of the
+30-msec stimulus, However, the onset of prevolcing and the
gradual amplitude increase for the formants isg appropriate,

Ten tokens of each stimulus were randomized and recorded
(each continuum separately) with an ISI of 4 sec. There was an
IBI of 10 sec. and each block contained a comﬁlete randomization of
the test continuum--16 tokens per bleck for the =100 to +50 msec
continuum test, and 13 tokems per block for the -100 to +20 msece
continuum test.10
1i) The other synthetic stimuli form a continuum from =20 to +80
msec VOT. They are similar to the ones already described, except
that thé Fl transition is only 50 msec in duration, and the total
(non-prevoiced) duration is only 415 msec, The onset frequencies
for the three formants are about 300, 1700, and 3000 Hz., The

5-msec bursts are clearer and more like natural speech in this

continuum; note especially the voiced-through burst in the pre-

voiced stimulus shown, The long lag stimulus appears to have
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voicing in the early part of the lag; veolce onset in this series
is less gradual than in the Abramson and Lisker ones. Waveform I
displays and spectrograms of representative stimuli are shown in

This synthetic continuum was constructed for use with English—

speaking aphasics (Blumstein et al,, 1977). The test tape used ‘

jfcontained one complete randomization of many tokens of each stimu=~ '

lus, rather than the block-by~bloek randomization described above,

For this study, the entire tape was not used, but instead listeners
heard enough of the tape so that there were at least 10 tokens of
each stimulus. Thus uneven numbers of tokens of each stimulus were

heard, with the following distribution:

{
|
vor # of tokens heard

=20 10
=10 15
0 10
10 16
20 14
30 10
40 15
50 13
60 13
70 13
8o 17

Thus there was a total of 146 tokens presented to the subjects,
The three synthetic-stimuli tests were recorded onto a single

high-quality cassette,

The.Abramson and Lisker nonsense syllables "da" and "ta"

both happen to be real Polish words, and listeners weare encouraged

to hear them as such. The forced-choice labeling involved under-

e vy sy teerer—r ]
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lining the response on an answer sheet which had the two words
typed next to each item number, ' : I

Data was also obtained in Providence from six English-speaking

I — _ - _
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control subjects for these three continua. Subjects were run one
or two at a time, They wrote t or d on answer sheets,

1ii) Two additional sets of stimuli were made; they were constructed
by manipulating natural speech. In one set, all prevoicing was
removed from tokens of data and dur spoken by MG and from dur and
dama spoken by JP, The original tokens with [t] and [d], plus the
edited tokens, were presented to Polish listeners for identification
to determine the importance of volcing lead per se, Sample wave-

form displays are given in Fig., 2-12 and 2-13.

The second set consists of two VOT continua, which were made

by splicing waveform segments taken from natural tokens. The token

were tur and dur spoken by JP; these particular tokens were chosen

because their bursts were of nearly equal durations and because the
tur token had a fairly long VOT, The techn;que used in making

these stimuli waslfirst devised by Terrxy Halweg at Haskins Labs
and was used by Ganong (1978)., That study used only stimuli with

voiceless bursts; in the present study two continua were made, one

with a veiced, and one with a voiceless,burst. Each continuum had i
five stimuli with VOT values ranging from 12 to 49 msec in approxi- '
mately l0-msec steps.

The first step of‘stimulus censtruction was to isolate the
[t]-burst (7.2 msec), the [d]-burst (7.3 msec), and the aspiration

from tur (42 msec). This aspiration was then recombined with each

of the two bursts (total 49.2 and 49.3 msec)., The second step was

to note the zero-crossings of the pitch periods in dur, up to 50

msec. With a fundamental frequency of about 100 Hz, the pitch
reriods were about 10 msec, with a low-energy quasi-period from

7.3 to 11.7 msec in the dur token, The burst+pitch periods were




removed cumulatively and replaced with portions of the burstt+aspira-
tion segments of the same duration, For example, the burst and

quasi-pitch-period was removed and replaced by the first 1ll1l.7 msec

of each bursttaspiration segment, Then the burst, quasi-period,
and first full pitch period were removed and replaced with the
first 20.2 msec of each burst+aspiration segment, and so on for
29.5, 39.1, and 49.1 msec VOT stimuli, Fig, 2-14 shows samples of
these stimuli. H
There were several experiments with edited natural speech run

at the same time, and all the stimulil were recorded onto two high-

quality cassettes, The entire set of tests was always given in
a single order; the VOT tesﬁ was the fourth of six, All test sti-
muli requiring the same forced-choice responses were recorded to-
 gether, and so the VOT gtinuli are combined with others taken from
JP's tur and dur. The stimuli from which preveicing was removed

were also combined -with other stimuli, and are found in four sepa~

rate tests.

Twenty~four subjects were run in Poland at the Wroclaw Poly-
technical Institute of Telecommunications and Acoustics, under the
supervision of Dr, Wojciech Majewski, Subjects were pald for theilr
participation. The data for each was obtained in a single session,
using headphones, Subjects were run in one of four task-order

groups, shown in Table 5.

2.2.2.2, Analysis
The number of [dl—rESponses to each stimulus for each subject
was computed. For the four VOT continua, category boundaries were I

also computed for each subject., Boundaries were computed by probit

analysils (Finney, 1971), using the IBM Scientific Subroutine |

e mipian — i ——




TABLE 5

Task orders used in presentation of VOT continua te 24 listeners

in Wroctaw, Poland, Endpoints (in msec VOT) of each continuum are
given. "Natural" refers to the entire set of six tests with edited
natural speech, including two VOT continua, 0/+50 and +10/+50.

1) -~20/480 =100/+50 -100/420 natural
2) =100/+20 ~100/+50 =-20/+80 natural

3) matural ~20/+80 ~100/+50 -100/+20

4) . natural ~100/420 -100/+50 ~20/+80

i
|
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"PROBT" implemented on the Phonetics Lab's PDP~11/34., This program

accepts as input 2 value along an acoustic dimension, the number

of tokens assigned to one of the response categories (here,[d]),_
and-the number of tokens presented to the listener at that value, I
for each value along the test continuum for each subject, fhe
number of responses is converted to percentages and then to z-
scores. The probit analysis determines the parameters of the best-l

fitting straight line for the z-scores and then outputs the 50%

crossover value and the slope of the fitted lire, in the units of
the acoustic dimension (here, msec VOT),
Subsequent statigtical tests were done on the boundary values

obtained in this way, unless stated otherwise.

2,2,3. Results with synthetic stinmuli
The Polish listeners heard the three synthetic continua in

two different orders. Overall, performance was very good, However,

‘four subjects had erratic labeling functions on the =100/420 msec
continuum, with effectively three response categories, and so their
results have been excluded from the analysis, Repgg;égtative label
ing functions for fhe three continua are shown in Fig, 2-15 through
2-17, The ~100/+50 msec continuum was designed to correspond to
Polish production values, and the =20/+80 msec continuum was design
ed to correspond to English production values. The =100/4+20 msec I
continuuﬁ was designed to Include only an idealized "short lag"
rangé of VOT values,

Category boundaries were computed for each continuum for each !
subject as described in the preceding section. On the -100/+20 msec
continuum, four subjects had only one category, [d], and so boundar-{

ies could not be computed, However, because these subjects did have

esrcrimaiad " i i |.




e B
64

two categorjes on the other test continua, it was decided not to

eliminate their results., Instead it was assumed that their boun-

daries fell beyond the +20 msec endpoint. That is, these listeners
were less influenced by the stimulus range.than were other listen-
ers. To represent thié fact in the data, these four were'arbitrar-

ily assigned boundaries as follows. For the one subject whose

other two boundaries were greater than +20 msec, those two boun-
daries were averaged; for the other tﬁree subjects, a value of +21
msec was assigned, Table 6 gives the group data on the boundary
values., For the -100/4+20 msec continuum, the mean is given both
with and without the four assigned values,

Subjects heard the three continua in one of two orders, corre~
sponding to increasing number of lag-value stimuli (-100/+20,-100/

+50, ~20/+80) or decreasing number of lag~value stimuli (reverse

order). The means for each range, divided according *o the task
order groups, is given in Table 7, A three-way analysis of vari-

ance was performed for the factors of Range X Task order X Subjects

(nested under task order, repeated measures for range). The results

11 The analysis of variance indicates

are summarized in Table 8,
ihat while task order did not significantly ;ffect subjects' cate-~
gory boundaries, both range and the interactien of ramge with task
order did contribute to the variance found in the data., The range
effect ﬁan be described by saying that, overall, the fewer lag
stimuli were present in a continuum, the lower were the subjects'
boundaries on that continuum, The iﬁteraction with task order can

be described by saying that subjects who heard the -100/+20 msec

continuum first had higher boundaries (heard more [d]'s) for this I

continuum than would otherwise be expected; they had higher I

e - —raiaz Ay i MR,
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TABLE 6 : I

For each range of VOT in synthetic continua, number of subjects for
whom boundaries could be computed (N), the highest and lowest
boundaries for the group (Range), the mean and standard deviation
(SD) of the subjects' boundaries, in msec VOT. The two sets of
values given for the ~-100/+20 msec continuum differ in whether
estimated boundaries are included.

Continuum N Boundary Range . Mean 5D
-20/+80 20 +10 / +30 +20.4 o7

-100/+50 20 -20 / +29 + 3.4 11.5
~100/+20 16 ~34 [/ 419 - .9 13.3

20 ~34 | +27 + 3,7
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TABLE 7

Mean boundary values in mseec VOT for 20 listeners on three synthe-
tic continua differing in range of VOT, presented in twe task
orders., The overall means are the same as those in Table 6.
The task orders are given as the positive endpoint of each
continuun used.

’ Mean Boundaries

Continuum, Task Order Task Order Gverall
80~50~20 20-50-80

-20/+80 +23,7 +17.7 +20.4

100/+50 + 7.7 + 3.5 + 5.4

100/+20 - 5,2 +11.0 + 3.7

Mean + 8.7 +10.76 + 9.8

mmm_ﬂmmwm._._m_m
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TABLE 8

Results of the analysis of variance of boundary values for the
factors Range (-20/+80, -100/+50, =100/+20 mesec VOT) and
Task Order (80-50-20 or 20-50-80)

Source df us F )d
Task Order | 1 62.643
41 -
errer 18 193.760
Range '° 2 1822,406 21.21 .001
error 36 85,910
Task Order
X Range 2 749,341 8.72 001

error 36 85,9190
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boundaries for this continuum than they did for the -100/+4+50 msec

continuum, In otﬁer vords, they were less susceptible to range
effects on this continuum than were those who heard it last.

To avoid the problem of having to assign arbitrary values in !
certain cases, who%e exact numerical values then affect the group
means, the same data was re~analyzed using a less-sensitive non-~ I

parametric test on medians. The median for the entire sample was

calculated, and the number of boundary values for each continuum I

falling above and below this median was determined, In this way

 the exact values of the assigned boundaries have no effect on the

results; only their position relative to the other boundary value-

matters, and it is precisely this information that we want to in-

clude in the analysis., Also, using this test allows unequal num-
bers of values per cell to be tested, so thé data for all 24 sub-
jects can be used for.the -20/+80 and =100/+50 msec continua.

The madian for the entire set of boundary values was 12,5
msec. The number of values‘falling above and below 12,5 for each
continuum is given in Table 9, A Chi-square test of these totals
was performed, The X? of 26.63 with df = 2 was significant at
the ,001 level. Thus we can conclude that the range effects ob-
tained are statistically significant, and are not a result of
estimating boundary values for some subjects, Polish listeners
show different boundary values depending on the range of stiruli
inzluded in the test continuum.

Six American control subjects were also rum on these three
continua, counterbalanced écross the two task orders used in
Wrociaw., A seventh subject was eliminated because even on the I

~100/+50 msec continuum he used all [ﬁ]-responses, and so no
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TABLE 9
Data used for Chi-square analysis, showing number of boundary

values above and below group median of 12,5 msec vor, for
each continuum used.

Continuum Range

# Boundaries o =20/+80 -~100/+50 -100/420 Total
Below Median 2 19 13 34
Above Medlan 22 5 7 34

Total 24 24 20 68

f
i
|
k
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boundary comparisons could be made for him, All the American lis-

teners had only one category on the ~100/+20 msec continuum. The
results for the six subjects on the remaining two continua are give%

in Table 10. The same analysis using Range X Task order X Subjects

used on the Wroclaw data was performed on these data. The -100/+20
msec continuum was assigned boundary values as above: since all
| subjects' other boundaries were above +20 msec, they were averaged |

to give an estimate of the third boundary. The analysis of variance!

resulted in F;ratios that were all less than 1, so no summary table
is given, This analysis indicates that the varignce in the data

is not accounted for by the factors of Task Order or Range. In
other words, the American listenérs, unlike the Polish listeners,

{did not show range effects for the three synthetic VOT continua.

Their boundaries are nearly identical for the ~20/+80 and -~100/+50
jmsec continua, and on a continuum where their preferred boundary

region was not represented, they remained consistent in their

categorizations,
12.2.,4, Results with natural stimuli

2,2,4,1, Prevoicing

As was described earlier, the words dama and dur spoken by

JP and the words data and dur spoken by MG were used in making
tetinmuli from which preveicing had been removed., The object was to I
Ise. 1if prevoicing in itself is crucial to a [d]-judgement. Both the
edited and unedited [d]-tokens were presented to listemers. Results i
| for the edited tokens were mixed, in that responses to JP's tokens |

were different from responses to MG's tokens. Listeners Judged MG's

: i
fedited tokens to be [t]'s, while they judged JP's tokeas to be
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TABLE 10

Results for American control subjects. For each range of VOT in
the synthetic continuva, the highest and lowest boundaries

of the group (Range), the mean and standard deviation (SD) of
the subjeécts’ boundaries, in msec VOT., Table 6 gives similar
data for the Polish listeners,

Continuum Boundary Range Mean i3]
-20/480 +29 [/ +46 37.2 6.9
~-100/+4+50 +28 [/ +44 37.3 6.4

-100/+20 all beyond the +20 msec endpoint
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[H]'s. The mean responses of the 24 subjects are 1llustrated
in Fig. 2-18. A repeated-measures analysis of variance was perfornm

on the number of [ﬁ]—responses (out of 10) for the three factors

Word nested in Speaker X Condition (prevoiced vs, edited), The

results are summarized in Table 11, All factors and interactions

were significant,

2.2,4,2. VOT continua
The two VOT continua made by computer—-editing had-ranges from

12 to +49 msec in approximately l10-msec steps. In addition, the
[?]—burst continuum can be extended back to 0 msec VOT by including
the [d]-token from which prevoicing has been removed. The original
oken has 94 msec prevoicing, and voicing continues through the burs
o its VOT vdlue after editing would be 0 msec, There is neo equiva-
lent [ﬁ]-burst stimulus., As can be seen in Fig., 2-18, the edited
token produced an average of 80% [d]—resPGnses, and therefore it is

ot surprising that few subjects reached 100% [H]~responses for the

short=-lag VOT values in this continuum. Nevertheless, most subjects
ad two categories on both continua, and boundaries were computed,
he effect of Et]- vs, [d]-burst is not considgred in this chapter; |
here was, however, a significant effect which is discussed in Ch. 3
Fig. 2-19 shows averaged labeling functions for 24 subjects,

As wiph the synthetic continua, some subjects had only one
category there, always Ef]), and so arbitrary values were assigned
at 1 msec beyond the endpoint, or -1 msec VOT. Therefore two mean
boundary values were calculated for'the combined sample of [g]-burst
and [d]—burst'values. The first takes only the boundary wvalues

that could be determined by Probit Analysis, and excludes the

assigned values; this mean, for 36 boundary values, is 20 msec VOT,

s
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TABLE 11

Results of the analysis of variance of the number of [ﬂ]- recponses
for the factors Speaker (JP or MG), Word nested in Speaker (dur
and dama for JP, dur and data for MG), and Condition (original
Ld]-token or stimulus with preveicing removed).

Source daf M5 ¥ P

Speaker 1 444,081 206.69 « 01
error 23 2,149

Word 1in Speaker 2 ' 16,677 9.01 .01
error 46 1.851

Condition | 858,519 206,81 .01
error 23 4,151

Speaker X Cond. 1 444,082 206,69 .01
error 23 2,149

Cond, X Word in 2 16,677 - 8,01 .01

Speaker

error 46 1.851
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The second mean includes the assigned values; this mean, for 48
beundary values, is 17 msec VOT,
The boundaries for this naﬁural continuum can be compared L
with those obtained on the three synthetic continua, O0f course,
no direct conclusions about range effects caﬁ be drawn since the

stimuli are so different in structure, but it can be seen how that

struc;ure plus VOT”range affects subjects' boundaries. The mean
boundary of 20 or 17 msec is closest to that obtained with the
-20/+80 msec continuum, and is in fact probably about what would be
expected 1f there were range effects at work, and if both endpointsl
of a continuum contribute to those effects. However, there isg less

variation in the boundary values for the natural continua than F

there is for the synthetic continua, as shown by the low standard
deviations of 3.92 and 4.75 for the natural continua, vs. 5.7, 11.5

and 13.3 msec VOT for the synthetic continua.
'2,2,5, Discussion

2.,2,.5,1, Range and task order effects
The 24 listeners in Wrociaw heard three synthetic VOT continua
in which VOT ranged from -20 to +80, -100 to +50, and -100 to +20 |

msec, Iin two task orders corresponding to increasing and decreasing

lag values. There was a significant effect of Raﬁge on the boundary
vaiues obtained for eéch continuum, in that with more lag stimuli i
the continuwum, listeners have higher boundaries, There was also =z

significant Range X Task Order interaction, in that listeners who I
. heard the —100/+20Imsec continuum first had higher boundaries than I
they did ¢on the ~100/+50 msec continuum, or than the listeners who

heard that continuum last, To interpret this effect with confidence]l

" . A b i — i
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we would want data on boundaries for Eggﬁlrange continuum preseanted
in various positions and task orders, However, 1t seems possible I
that the boundary for the first continuum heard is the least sus-
ceptible to range effects, Also, it seems possible that the ~100/

+20 msec continuum is inherently less promne to range effects than

the -20/+80 msec continuum, since the former corresponds better to
the range of VOT values found in natural Polish speech. Subjects

heard either the -100/+20 msec continuunm first, and the =~20/+80 mse!
continuum last, or vice versa. Hearing the -100/+20 msec continuun
first, without having heard the others, may lessen the range effects
because responses are unbiased, On the other hand; hearing the I
-20/+80 msec continuum first may confuse listeners immediately, and
contribute to increased range effects for continua heard subsequent1
ly. That is, each continuum's own range may be one factor in range
effects for that continuum, but another factor nay be the ranges ofl
previous continua,

In the only systematic study of range effects, Darwin . and Brady

(1978) varied VOT range within blocks and also varied the order in
which the different blocks were presented. They found a stronger

range effect for the VOT range included in a single block, and a

weaker effect for the overall range. of previous blocks to which
subjects had been exposed. Their range effects were greater when
the ranges extended into the voiced (short lag) end of the contin~
uum: the more voiced were the previously heard sounds, the more
likely was a "voiceless" response to a particular stimulus. In the

Polish ekperiment, listeners who heard the ~100/+20 msec continuunm

P ————
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after they heard the heavily-prevoiced -100/+50 msec continuum

heard many more stimuli as voiceless than did listeners who heard
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the -100/+20 msec continuum first, However, it should be noted

that Darwin and Brady used a much smaller overall range of stimuli
(+5/+55), about half of which covérs boundary stimuli for English,
and in each block used only a 20 msec range of VOT values., Thus
their results may not be at all comparable to the results for
these experiments in Polish,

Evidence that this is so comes from the fact that the methodo~
logy used here not only induced muchllarger range effects for
Polish than Darwin and Brady's did for English, but failed to in-
duce those effects for English, The six American control subjects
sho?ed remarkably consistent boundaries on the synthetic continua.
The difference between the Poles' and the Americans' perception of
these continua suggests that VOT is not as relevant a perceptual

dimension for the volcing contrast in Polish as it is in English,

2,2,5.2, Prevoicing
The 24 Wroctaw listeners identified tokens of words beginning §
with [d] from which prevoicing had been removed, Listeners judged

speaker MG's tokemns to contain [tl's, while JP's tokens were judged
’ 24

to contain [d]'s. From this result it can be inferred that JP's
tokens contained some other cue{s) to voicedness, while in MG's I

tokens such cues were weak or absent, BSample waveforms of the

bursts of two of the pairs were illustrated in Fig, 2-12 and 2-13.
Although MG's [d]-burst looks quite different from JP's, both are
voiced, and so burst wvolcing by itself will not explain the-differ-
ence in responses, In general, the burst intensity and degree of
aspiration is greater for MG's [dl-bursts compared to JP's, and in
fact her [&]—buréts overall resembie her [t]-bursts. However, with

perceptual data availlable for four tokens only, it is impossible to

e - Ty
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determine the relevant acoustic paraneters,

MG is not the only speaker whose [d]—bursts often resemble

s e evsomatutease et |

her [tI—bursts, although she is the only one whose tokens were used
for perceptual tests, A few of the Wroctaw subjects also show this
tendency., Fig. 2-20 shows a minimal pair, spoken by one speaker,

with extremely similar bursts. Typical features are that both

bursts are voiceless, and that the [t]—burst is longer in duration
than the [d]-burst. -

Prevoicing by itself is clearly a sufficient,and possibly an
overriding, cue for voiceﬁness. In the apparent absence of other
cues'for voicedness, MG's original tokens were uniformly pérceived
as containing [d]'s.

When prevoicing is removed, other cues to voicing assume some
importance, and their relative strengths may determine the percept.-
Prevoicing is not always a necessary cue fdr.voiceanSE, since JP's
edited stops are still perceived as [d]'sf However, some Speakéré,
such ag MG, maylin their productien provide only oﬁe cue for
veicedness, preveicing, and in their speech prevoicing is a2 neces-
sary cue for voicedness, IIn natural speech this strategy iws per-.
fectly successful, What remains unclear isvwhether iisﬁeners can

discriminate between the tokens with only one cue to voicedness and

e e e S il

the tokens with more than one,

2.2.6, Conclusions about VOT perception

In this section I have shown that Polish listeners can respond}
systematically to stimuli with a variety of VOT values, using both
natural and synthetic speech stimuli. In most cases listeners I
show sharp iabeling boundaries along the test cOutinua; However,

the exact position of these boundaries is subject to stronmg effects

N i o
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from the range of VOT values included in each continuum, The

natural~speech continua may also have been subject to range effects,

but the range of these stimuli was nct varied, Still, the natural
continua, with no preveociced stiimuli, gave boundary values different
from the synthetic continua, which included substantial numbers of
stimuli with prevoicing. The boundaries for the natural continua

were like those for the synthetic continuun which contained faw ”

prevoiced stimuli. To the extent that the natural~speech continua

show range effects, then the range effects cannot be attributed
entirely to poor-~quality, hence amhiguous; synthetic stimuli, How-
ever; the range effects are intrinsic to the listeners' perception
and mot tc the stimull, or even to VOT, since the American control
subjects did not show any range effects on these continua.

The result indicates that the VOT dimension does not have the
perceptual stability in Polish that it has in English, Polish
listeners are able to use VOT as a perceptual cue to voicing con~
trasﬁs, but their categorizations are easily influenced by extran-
eous test circumstances.

I have also shown that prevoieing is a sufficient and sometime
a necessary cue for voicedness, Presumably ather cues may alsc be
present in the signal, which can,for some speakers, maintain the
voilcing contrast in the absence of prevoicing, It is this influenc
of "other" cues that will be addressed in the next chapter, where

the role of bursts will be compared to that of VOT, ) 1
2.3, General Discussion

2.3.1. Relation of Production and Perception | |

The streong range effects found in the FPelish perception tests
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resulted in a variety of VOT boundaries for each subject, When the
results of the production and perception studies are compared Iin an
:

attempt te align the voicing categories, this variety of boundaries

make it inevitable that at least some of these boundaries will not!

correspond to the production categories, Of interest, then, 1s the
question of which VOT continua gave boundary values which are align
ed with the production categories,

It is not sufficient to compare an Iindividual subject's own
production and perception results in considering this question, I
Rather, it seems more relevant to ask whether an individual's per~

ceptual boundaries align with the group production categories, since

ve are interested in group communication, That is, our standards

for category matching should be conservative, since a Pole with a
' high VOT perceptual boundary must nonetheless he able to understand
a Pole with relatively short-lag [t]‘s. From the group production

data, it would seem that the optimal categery boundary would be

between =20 and +10 msec VOT,

The perception data may be summarized as follows: the -100/+50

msec and -100/+20 msec continua had similar overall mean boundariesh
the mean for these two continua is 4,5 msec VOT, The ~20/+80 msec
continuum had a2 mean boundary of 20.4 msec VOT, The two natural
continua had a mean boundary of 17 msec. The boundary for a more
extended range of natural stimuli would perhaps be lower.

It is quite possible that the range of VOT values used in a

test continuum is more important than the naturalness of the stimuli

in providing a good match between the production and perception

categories. The natural speech continua had appropriate values

' of other acoustic parzmeters for Polish apical stops, but did not

Lo
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include lead values in their VOT ranges. These continua resulted

in boundary values that fell between the voiced and voiceless pro-
duction categories only slightly better than did the inéppropriate |
~20/+80 msec synthetic continuum, However, the natural sﬁeech con-

tinuum with [t]—bursts, the most realistic combination, gave syste-l

maticall& lower boundaries than did the continuum with [d]-bursts,
and therefore provides a slightly better match with the production
data, The best match, however, is provided by the two continua
with the appropriate balance of lead and lag VOT values for Polish.,
This is true despite the fact that structurally these stimuli do
not much resemble natural Polish speech, especially in the bursts.

These continua, the.-100/+50 and -100/+20 msec ones, give some

negative and low positive boundary values'that_are particularly
good matches for thé production data. Consider the distribution

of production values shown in Fig, 2-6, Of the 100 boundary values
_that were computed for laBeling functions from Wrociaw, 327 fall .-
between the ﬁroduttion categories (between =20 and +10 msec), while
687 fall within the [t]-category. Most of the mismatches come from
the three continua with few prevoiced stimuli (-20/+80 msec, natur-
al speech continua), and virtually.all of the_maéches come from the
two continua with many prevoiced stimuli (-100/+50, ~100/+20 msec).
In other studies where a mismatch between production and perception
has been found (e,g., Lisker and Abramson, 1970), the problem has

also been that perceptual boundaries have VOT values that are too

high -- too far along intec the lag region -- for the preduction
categories, In the past, this mismatch has been attributed to I
acoustic inappropriateness of the stimuli, but in the present study]

this explanation seecms to be inadequate, The Abramson and Lisker |




synthetic stimuli, used in the most appropriate ranges of VOT,
provide a better match with the production data than do the i

natural stimuli, although 1t must be noted that the "natural™

stimuli have themsélves been altered in somewhat unnatural ways.
Samples of individual data are shown in Fig., 2-23. An indi-

vidual's own boundaries are more successful matches for his own

production data than they are for the group data., It is surprising

that more listeners do not place their perceptual boundaries

derived from the minimal pair stimuli in the break between about
=-30 and 0 msec VOT for minimal pair production., The explanation

may lie in the production values for the running speech condition,

which occupy this low lead region of the continuum, If perception {

of minimal pairs corresponded to production of minimal pairs, then

substantial realignment of the perceptual categories would then be
required for the running speech condition,

The lack of a clear match between production and perception
categories, especlally with natural speech stimull, again argues
against the primacy of the VOT dimenaioﬁ in Polish voicing con-
trasts. It may be that Polish listeners are able to relate VOT
differences in a general way to their voicing categories, but
when asked to use these differences to distinéuish two separate

categories, the VOT information is not entirely sufficient, and

listeners resort to strategies that include taking the overall VOT
range into account. The American listeners were able to make

voicing judgements without being influenced by the range of stimuli

present, Their perception of VOT is stable in a way that the Poles’

is not. . i

The Polish listeners may be using low-level psychoacoustic

i pim L i — I -
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information in making their judgements; A matural psychoacoustic
boundary is thought to fall at about +17 to +20 msec temporal sepa-

ration (Miller et al, 1976; Pisoni, 1977 ~- see Ch, 1), which

corresponds to the Polish labeling performance,

The Polish listeners éhowed two types of responsés. When the
range of VOT values in a continuum corresponded more or less to
natural prcductioﬁ values, they showed boundary values between the
production categories =- geherally negative and low-positive wvalues,
When the range of VOT values in a continuum did pot cerrespond to
natural production values, they showed boundary values correspond-

ing to a natural psychoacoustic one, Rather than make linguisti-

cally-relevant voicing judgements, they responded mccording to
their ability to distinguish the onset of the stimulus from the
separate onset of voicing. |

It is not the c¢ase that the Polish listeners are simply tappin
an inherent distinction that corresponds to one that American lis-
teners already use, The American listeners i; this set of experi-
ments showed higher boundary values, corresponding to a different
psychocacoustic boundary, than did the Poles: up to about +30 msec
VOT for the Poles, but from about +30 to +45 msec for the Americans
None of the continua produced range effects that gave English-like
boundaries for the Polisgh listeners, It would appear them that the
Americans responded to the stimuli consistently acress VOT ranges

according to a language-specific volcing distinctica. The Polish

listeners did not always do s0.

2.3.2, Summary and Conclusions

The production data reported here indicated that the Polish

apical stop voicing contrast is essentially one of voicing before
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_ . =
The burst itself is l

the burst vs. no volcing before the burst, {

ambiguous, since it may be veiced or voiceless for a voiced stop.,
However, results of the perceptual identification experiments
where prevoicing was removed from tokens of [d] show that the con- |

trast is not so simple, Other cues to volcedness may optionally

be present Iin the signal, Prevoicing (or closure voicing) seems

to be a primary cue, but other secondary cues remain to be identi- |
fied. Speakers seem to vary in their use of the secondary cues in
production, .

In a perception experiment using VOT continua, subjects' per- !
formance depends to a large extent on such experimental factors as
range of VOT values included in the current test, as well as in
the previcusly-heard tests, If the range of VOT values in the
continuum includes little or no prevoicing (that is, the range is
inappropriate for Polish), then the psychoacoustic categories will

assert themselves over the expected Polish ones, Thus the match

‘between production and percpetion categories is highly dependent
cn these range effects,

Zlatin (1974), on the other hand, found an excelleat match
between production and perception categoriaes for VOT in English.
The present study found that American listeners are not subject to
the kind of range effects found for Poles, Clearly, then, VOT is
not a stable dimension perceptually for Polish listeners, in the

way it is fer Americans,

In terms of describing production, VOT is a satisfactory di-
mens on, but it provides more detail than is absclutely necessary
to describe the relztively simple contrast in Polish, An alterna-
tive description was proposed that uses voicing during the closure |

~interval as the defining trait for voicedness., Tokens with any

i s T S e
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veoicing during closure are [d]'s, and others are [t]'s.
However, both descriptions are inadequate in light of the
perception data, Other cues to voicing must be sought, during
orx after the release burst, and it is this requirement that the

next chapter addresses.




FOOTNOTES

IMichael Jacek Mikoé, native Polish linguist and collaborator
in parts of this project,

2The medial contrast is analyzed in Ch, 4,

3No information ab out recording equipment used was sent back
with the cassette,

4'I'he other two pairs containing medial contrasts are analyzed
in Ch. 4. '

SDiscrete Fourier Transform displays of both burst and vowel
portions of these sentences shows that there is little information
present above 2 kHz,

6Aa the vocal folds are adducted, a few pulses may be required
to establish a regular vibration pattern. Lisker and Abramson
@96?)claim that such irregular pulses have no perceptual signifi-
cance, but the question remains problematical.

7In some cases this exact point was difficult to determine,
either because the onset of voicing was very gradual, or because
burst frication obscured the onset of voicing.

81n such cases 1t is also possible to make a second VOT
measurement from the burst to the second onset of voiciang. This is
also possible in cases where the prevoicing does not die down com-
pletely but shows a decrease in amplitude followed by a voiceless
burst. Voicing then resumes immediately after the burst, Measures
of the duration of the frication that occurs with the burst have
been shown to correlate with voicing distinctions in English(Klatt,
1975; Zue, 1976), but such measurements could not be made with
sufficient xeliability to be used in this study.

ISuch a difference might indicate different speeds of conson-
antal release due to different degrees of muscle force. '

10An AX discrimination tape was also constructed for the -100
to +50 msec continuum, but pilot work indicated that Polish listen~
ers called most pairs the same, This in itself is supggestive about
the perception of these stimuli, but this line of inquiry was not
pursued. Only identification data was collected in these experi-
ments.

1iThe same analysis of variance was run using computations of
the four "missing values” on the -100/+20 msec continuum, thereby
allowing these subjects' data for the other continua to be fincluded
in the analysis. The means changed very little with these addi-
tions, and the results of the analysis remained the sama,
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Fig, 2-1a -- Waveform showing landmark points in neasuring positive
VOT., The left cursor (LP) is set at the burst, and the right
cursor (Rff) is set at voice onset (zero-crossing before first
negative peak), The VOT is 11,6 mseﬁo The token is tamg

spoken by Wrocdaw subject #4.
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Fig. 2-1b -= Waveform showirpg landmark points in measuring negative

VOT, The left cursor (LP) is set at the onset of prevoicing,

and the right cursor is set at the burst., The token is dym

spoken by MG, It is continuous across the two lines on the

page,
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20 msec

Fig. 2-2 ~- Waveform showing prevoicing dying down before burst
in voiced token, dama spoken by Wroctaw subject #3. The

cursor is set at the burst,
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20 msec

Fig, 2-3a =« Wavéform showing estimate of closure duration in [ﬁ]—
| token with no visible burst. The left cursor (Lf) is set at
the onset of closure, and the right cursor (RP) is set at the
amplitude increase for the following vowel, The measured
estimate is 48,6 msec, roﬁnded down to 45 msec. The token is

do (unstressed) in a2 sentence read by Jp, _ |

e e — i
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20 msec

Fig. 2-3b =~~~ Waveform showing measurement of closure duration with
burst visible, The oscilloscope display, unlike the hard-copy
shown here, makes burst frication and aspiration more distince
tive. The measured value from closure onset to burst is 56.6 |

msec. The token is domu spoken in a sentence by MG,
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Fig.

at one burst.

245 == Waveform showing double burst, Each cursor is set

The token 1s ta spoken by Wrocitaw subject #2, l
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Fig. 2-7 -~ Distribution of VOT values from English conversation,
taken from Moslin (1978), Note the high degree of overlap
.between [t] and [d], typical of casual running speech in

English.
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Fig. 2-8a -— Waveform showing aspirated [t]-burst. The VOT
value is 11,3 nsec, The token i1s tama read by Wroclaw

SubjEct #13.
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Fig. 2-8b ~~ Waveform showing long-lag VOT token with a VOT
value of 33.4 meec, The lag interval s filled with
aspiration. THe token is tym read by MG (see Fig., 2-1b for

dym by this speaker),
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Fig, 2~8c¢c == Waveform showing moderate-lag VOT token with little

apparent aspiration, The VOT wvalue is 24,7 msec. The token

is tur read by Wroclaw subject #25,
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Fig, 2~9a ~=- Wavefornm showing voiceless [d]-burst following
amplitude decrease in prevoicing, The cursor is set at the

burst, which is fricated, The token is domy read by MG,
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Fig., 2~9b ~- Waveform showing fél—burst superposed on pitch
period resembling prevoicing. The cursor is set at the

burst., The token is data read by Wroctaw subject #22,
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Fig, 2-9¢ -~ Waveform showing typical "voiced" [d]—burst,
with voicing pulses within the burst, The cursor is set at

the burst., The token is do read by JP,
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Fié. 2~10a,b,c ==~ Waveforms showing.Abramson and Lisker synthetic

VOT stimuli with VOT walues of -10, 0, and +30 mseec, The arrows

‘thdicate the approximate locations of the bursts; note that the |

l bottom display has no clear burst,
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Fig, 2-10¢ -~ Spectrogram of Abramson and Lisker synthetic VOT

stimulus, with a V0T value of =20 nsec.
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Fig, 2-10e -~ Spectrogram of Abramson and Lisker synthetic VOT

stimulus with a VOT value of +20 msec.
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Fig,2-10f == Spectrogram showing Abramson and Lisker synthetic VOT

with a VOT value of +50 msec.

stimulus,
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Fig. 2-1la

T W U TH

10 msec

Fig, 2-11b | \‘

— N \/M\/ﬂv ey

Fig. 2-1la -~ Waveform showing onset of Haskins VOT stimulué
with nominal VOT value of -10 mseec. The arrsws in both
stimuli indicate where the bursts are located.

Fig., 2~11b ~~ Waveform showing Haskins VOT stimulus with nominal I

VOT wvalue of ‘+10 msec.
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Fig, 2~11l¢c -- Waveform showing Haskins VOT stimulus with
nominal value of +80 msec VOT, The display is continuous

across the two lines here,
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Fig, 2-11d ~- Spectrogram showing Haskins ‘synthetic VOT stimulus
similar to Abramson and Lisker stimuli, with a VOT value of -20

msec,
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Fig, 2~lle =- Spectrogram showing Haskins synthetic VOT stimulus
similar to Abramson and Lisker stimuli, with a VOT value of +50

msgec.
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Fig, 2-12a

Rl vfiﬂﬂ! ! %\4

RG

Fig, 2-12b

Fig, é-lZa ~~ Waveform showing token of tata read by MG, The
§0T is 18.8 msec as measured between the cursors, |

Fig. 2-12b -- Waveform showing token of data read by MG, The

cursor is set at the burst. With the prevoicing removed,

this token is identified by listeners as [t].

!
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10 mgec

Fig. 2~13a -- Waveform showing token of tama read by JP, The

VOT value measured from the cursors is 31.7 nsec,
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Fig. 2-13b -~ Waveform showing token of dzma read by JF. The
VOT value measured from the cursors is =64,2 msec.

Note that
the amplitude increase for the following vowel begins

immédiately after the burst (at R@),

This token, -with
prevoicing removed, is identified by listeners as [{].
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Fig. 2-l4a —--
[g]eburst and
Fig, 2-14b --

[é]—burst'and

Ty

RO

VOT value of 11,7 msec.

Waveform showing natural-edited VOT stimulus with

“VOT“

value of 20,2 msec,
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Waveform showing natural-edited VOT stimulus with
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[?]-burst and VOT value of 29.5 msec.

RE

Fig, 2-l4c -- Waveform showing natural-edited VOT stimulus with
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Fige 2-14d -~ Waveform showing natural-edited VOT stimulus with

[%]-burst and VOT value of 39.1 msec, This display is continuous

across the two lines,




10 msec

.4

Fig. 2-l4e =~ Waveform showing natural=edited VOT stimulus with
[d]-burst and VOT value of 49.1 msee, The display does not

include the entire lag interval,
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Fig, 2-15 -- Mean identification function for 24 listeners in

Wroctaw for the synthetic continuum with VOT values from =100 to

+ +50 msec., Collapsing over all listeners causes the function to

appear less steep than the individual functions actually are.
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Fig. 2-16 ~~ Mean identification function for 20 listeners in
Wroctaw for the synthetic continvum with VOT values from =100 to
+20 msec., Four listeners who had three labeling categories were

excluded, Collapsing over majy listeners causes the function to




